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Abstract: The regional distribution of endocrine cells was studied in the gastrointestinal tract of the freshwater turtle, Mauremys
caspica caspica, by immunohistochemistry using antisera against serotonin, somatostatin, gastrin, insulin, substance P, glucagon and
calcitonin gene related peptide (CGRP). The immunoreactive cells were located in the gastric glands of stomach regions and in the
intestinal epithelium with variable frequencies. Most of the immunoreactive cells in the intestine were spherical or spindle-like in
shape (open-type cells), while round cells (closed-type cells) were occasionally found in the stomach. Serotonin- immunoreactive cells
were most commonly found in the pylorus and duodenum. Gastrin- immunoreactive cells were restricted to the ileum and rectum
at low frequencies. Insulin-immunoreactive cells were detected from pyloric to rectum. No substance P, glucagon, somatostatin or
CGRP-immunoreactive cells were found in this study.
Key Words: Mauremys caspica caspica, immunohistochemistry, stomach, intestine, endocrine cells.

Tatl› Su Kaplumba¤as›, Mauremys caspica caspica’n›n Gastrointestinal Kanal›nda Bulunan
Endokrin Hücreleri Üzerine ‹mmünohistokimyasal Çal›flma
Özet: Mauremycs caspica caspica’n›n gastrointestinal kanal›ndaki endokrin hücrelerinin bölgesel da¤›l›m› serotonin, somatostatin,
gastrin, insülin, substance P, glucagon ve calcitonin gene related peptid (CGRP)’e karfl› haz›rlanm›fl antiserum kullan›larak
immünohistokimyasal metodlar ile araflt›r›ld›. ‹mmünoreaktif hücrelere midenin gastrik bezlerinde ve ba¤›rsak epitelyumunda de¤iflen
oranlarda rastland›. ‹mmünoreaktif hücrelerin ço¤u ba¤›rsaklarda küremsi veya mekik benzeri görünümdeydi. Midede bazen
immünoreaktiviteye yuvarlak hücrelerde de rastland›. Serotonin immünoreaktif hücreler yo¤un bir flekilde pyloris ve duodenumda
gözlendi. Gastrin immünoreaktif hücrelere az miktarda ileum ve rectumda rastland›. ‹nsülin içeren hücreler gastrointestinal kanal
boyunca gözlenirken, substance P, glucagon, somatostatin ve CGRP immünoreaktif hücrelere ise rastlan›lmad›.
Anahtar Sözcükler: Mauremys caspica caspica , immünohistokimya, mide, ba¤›rsaklar, endokrin hücreler.

Gastrointestinal endocrine cells dispersed through the
epitelia and gastric glands of the alimentary tract
synthesize various kinds of gastrointestinal hormones and
play an important role in the physiological functions of
the alimentary tract (1).

studies in lower vertebrates are very scarce and few
immunohistochemical studies on the reptilia have been
performed. Recently a lot of work has been carried out
on reptilian species, because they represent an ancient
evolutionary line from which the present bird and
mammals originated (8).

A large variety of endocrine cells have been described
in the gastrointestinal tract in mammals (2-7). However,

Identification of regulatory peptides of the alimentary
tract in reptilian species has been studied using silver

Introduction
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staining techniques and either radioimmunochemical or
immunohistochemical methods (8-15). However, limited
data are available on the regional distribution and
frequency of endocrine cells along the entire length of the
gastrointestinal tract of the Emydidae. The aim of the
present study was to clarify the regional distribution and
the relative frequency of the endocrine cells, in the
gastrointestinal tract of freshwater turtle, Mauremys
caspica caspica (Emydidae), by immunohistochemistry
using 7 types of antisera against gastrin, somatostatin,
substance P, serotonin, insulin, glucagon and calcitonin
gene related peptide (CGRP).

Materials and Methods
Six adult freshwater turtles, Mauremys caspica
caspica, of either sex were used in this study. The animals
were anesthetized with ethyl ether. After
phlebotomizing, tissue samples were taken from
stomach, duodenum, ileum and rectum and fixed in 4%
neutral-buffered formalin for 24 h. They were then
dehydrated through graded ethanol and embedded in
paraffin. 7-µm-thick sections were obtained and
processed for immunohistochemical staining.
Immunohistochemical staining was carried out using
the peroxidase-antiperoxidase (PAP) method or the
peroxidase linked avidin-biotin complex (ABC) method.
Blocking of endogenous peroxidase was carried out with
0.008% hydrogen peroxidase (H2O2) in methanol for 5
minutes (16). In order to block unspecific binding, an
incubation with (1:10) normal goat serum in 0.1 M
phosphate buffered saline (PBS), pH 7.2 was performed.
a. ABC technique. Sections were incubated for 1620 hours at 4 °C in mouse anti-glucagon (Sigma, G2654,
U.S.A) or mouse anti-insulin (Sigma, I2018, USA).
Antibodies were diluted to 1:1500 and 1:1000 in PBS
containing 0.25% sodium azide and 2.5% bovine serum
albumin respectively. Sections were then incubated in
biotinylated goat anti-mouse IgG (Sigma, B7264, USA),
followed by streptavidin-biotinylated horseradish
peroxidase complex (Dako, P0397, Denmark), both at
dilution of 1:50 in PBS, for 1 hour at room temperature.
Sections were washed in PBS for 30 minutes after each
incubation. Sections were then immersed in glucose
oxidise-DAB-nickel ammonium sulfate (GDN) substrate
(17) for 10 minutes, washed in distilled water and
counterstained with eosin.
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Sections were examined with light microscope (Leitz
Dialux 20). Photographs were taken with Kodak film,
ASA 50.
b. PAP technique. Sections were incubated for 1620 hours at 4 °C in rabbit anti-gastrin I (Sigma, G0785,
USA), rabbit anti-substance P (Sigma, S8305, USA),
rabbit anti-serotonin (Zymed Lab., 18.0077, San
Francisco, USA), rabbit-anti somatostatin (Zymed Lab.,
18.0078) or rabbit anti-calcitonin gene related peptide
(Zymed Lab., 18.0012). Antibodies were diluted to
1:10,000, 1:20,000, 1:200, 1:100 and 1:100 in PBS
containing 0.25% sodium azide and 2.5% bovine serum
albumin respectively. Sections were then incubated in
goat anti-rabbit IgG (Dako, Z0421, Denmark), followed
by rabbit peroxidase anti-peroxidase complex (Zymed
Lab., 61.2003), both at dilution of 1:50 in PBS, for 1
hour at room temperature. Sections were washed in PBS
for 30 minutes after each incubation and finally immersed
in glucose oxidise-DAB-nickel ammonium sulfate
substrate (17) for 10 minutes. After washing in distilled
water and counterstaining with eosin, sections were
dehydrated and coverslips mounted with DPX.
The specificity of each immunohistochemical reaction
was determined as recommended by Sternberger (18),
including the replacement of specific antiserum preincubated with its corresponding antigen.
Sections were examined with light microscope and
photographs were taken.

Results
Serotonin, insulin, gastrin-immunoreactive (-IR) cells
were observed in the gastrointestinal tract of the
freshwater turtle, Mauremys caspica caspica. The
regional distribution and relative frequency of these
immunoreactive cells in the gastrointestinal tract of the
Mauremys caspica caspica are shown in the Table.
Positive immunoreactive of substance P, glucagon, CGRP
and somatostatin cells were not observed in any of the
areas of the digestive tract of the Mauremys caspica
caspica.
Serotonin-IR cells were located in the epithelia
throughout the gastrointestinal tract at various
frequencies. These immunoreactive cells were also found
in the gastric gland of the fundus and pylorus with a
spherical to round shape (Figure 1). These cells were at
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Table. Distribution and frequency of gastrointestinal endocrine cells in the freshwater turtle, Mauremys caspica caspica.

Serotonin
Gastrin I
Insulin
Substance P
Glucagon
CGRP
Somatostatin

Fundus

Pylorus

Duodenum

Ileum

Rectum

++
-

+++
++
-

+++
++
-

+
++
-

++
+
+++
-

CGRP: Calcitonin gene-related peptide
Relative frequencies: +++ (high), ++ (moderate), + (low), - (not detected).

Figure 1. Serotonin containing cells in the stomach regions of freshwater turtle, Mauremys
caspica caspica (arrows). 400x.

highest frequency in the pylorus and duodenum. No
immunoreactive cells were observed in the ileum.
However, immunoreactive cells were again increased in
the rectum (Figure 2). In the intestinal part of the tract,
most of these immunoreactive cells were located in the
basal portion of the epithelia with a spindle-like of
spherical shape.
Gastrin-IR cells were only detected in the ileum and
rectum. These immunoreactive cells were situated in the
basal portion of the epithelia in the ileum and rectum at
very low frequencies. These cells were spindle shaped
(Figure 3).
Insulin-immunoreactive cells were distributed from
the pyloric region to the terminal portion of the large

intestine (Figures 4, 5 and 6). Most insulin-IR cells were
located in the large intestine. Insulin containing cells were
usually spindle shaped and of open type.

Discussion
In the present study serotonin, gastrin and insulin-IR
cells were identified in the gastrointestinal tract of
Mauremys caspica caspica.
Serotonin consisted of monoamines and was widely
distributed
in
the
nervous
system
and
gastroenteropancreatic endocrine cells (19). The main
functions of serotonin were inhibition of gastric acid
secretion and contraction of smooth muscle in the
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Figure 2. Serotonin immunoreactive cells in the rectum of freshwater turtle, Mauremys
caspica caspica (arrows). 200x.

Figure 3. Gastrin containing cell in the ileum of freshwater turtle, Mauremys caspica caspica
(arrows). 200x.

gastrointestinal tract (20). It has been reported that
serotonin immunoreactive cells were detected through
the gastrointestinal tract all species, suggesting that they
were established in the gastrointestinal tract at an early
stage of vertebrate evolution (19). In reptilians, these
cells are distributed throughout the alimentary tract (11).
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In addition, serotonin-IR cells were found through
gastrointestinal tract, including esophagus and highest
frequency was detected in the pylorus and the proximal
part of the small intestine of the Colubridiae (15), similar
distribution and frequency in Kings skink and Rhobdophis
tigrinus tigrinus (Colubridae) (11).
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Figure 4. Insulin containing cells in the stomach regions of freshwater turtle, Mauremys
caspica caspica (arrows). 200x.

Figure 5. Insulin immunoreactive cells in the duodenum of freshwater turtle, Mauremys
caspica caspica (arrows). 400x.

In the present study, these cells were observed
through gastrointestinal tract except for ileum. Similar
distributions were seen in the gastrointestinal tract of
Trachemys scripte elegans (21). Serotonin-IR cells of
large intestine of Mauremys caspica and Lacerta lepida
were located in the surface epithelium and in the small

epithelial cell aggregations of lamina propria (22). As
pointed out by Wurth and Musacchia (23) in Chrysemys
picta these aggregations might have regenerative action
on the epithelium, with serotonin containing cells having
a trophic action.
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Figure 6. Insulin containing cells in the rectum of freshwater turtle, Mauremys caspica caspica
(arrows). 400x.

Gastrin was among the first gut peptides to have the
structure of its genes determined (24). Gastrin has been
localized in G cells of antral glands and small intestine
(25). Gastrin secreted by the intestinal G cell promoted
gastric acid secretion (26). In this study gastrin-IR cells
were detected in ileum and rectum at low frequency. No
immunoreactivity were observed in stomach and
duodenum. However, gastrin-IR cells were detected from
pylorus to the distal intestine of other reptilia such as
Mauremys caspica, Lacerta lepida and Testudo gracea
(22). This discrepancy may due to differences in the
antisera tested or differences between the species and
subspecies. Present study used rabbit anti-gastrin I
antiserum which is specific for gastrin I fragment 1-13,
whereas Perez-Tomas et al. (22) used rabbit anti-gastrin
antiserum, which is specific for whole molecule.
In the present study, insulin-IR cells were found in
both the gastric and intestinal mucosa. Similar results

have been obtained in Mauremys caspica (22). However,
in Chrysemys picta, another freshwater turtle, insulin-IR
cells have only been identified in the intestine (27). In
Lacerta lepida, these cells were present only in the
mucosa of the large intestine (22).
In conclusion, the regional distribution and relative
frequency of immunoreactive cells in the Mauremys
caspica caspica were essentially similar to those of other
Reptilia (8,10-13,28-30). However, some characteristic
differences were observed in this species, which may due
to differences in the antisera tested, the methods used
or/and the species investigated in the various studies (3032).
The absence of positive staining for some of these
hormones (e.g., glucagon, substance P, CGRP or
somatostatin) does not necessarily indicate their absence,
but possibly that the reptilian hormones do not cross
react with antibodies of their mammalian counterparts.
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